A Gram-reaction-positive, catalase-negative, facultatively anaerobic, rod-shaped lactic acid bacterium, designated strain S215
Soybean meal (SBM) is commonly used for poultry feed. The presence of anti-nutritional factors contained in soybeans has been recognized as the key factor that affects the nutritional value of SBM and other soy products (Dunsford et al., 1989; Batal & Parsons, 2003) . Species of the genera Lactobacillus, Aspergillus and Bacillus are commonly used to reduce anti-nutritional substances in fermented soybean meal (Chen et al., 2010a (Chen et al., , 2011 Feng et al., 2007; Kishida et al., 2000; Li et al., 2006) . After investigating the nutritional quality of SBM fermented by species of the genera Aspergillus and Lactobacillus, a lactic acid bacteria (LAB) strain was isolated to study the LAB microflora. In the quality control step, several LAB strains showed different characteristics from the inoculated starter and thus were isolated for further study.
All isolates were identified based on their phenotypic and phylogenetic characteristics. Phylogenetic analyses, based on 16S rRNA gene sequences, initially placed strain S215 T among the species of the genus Lactobacillus. In order to exactly identify strain S215 T , analysis of two housekeeping genes, rpoA and pheS (Chao et al., 2012) and phenotypic analyses was performed. The purpose of the present study was to establish the taxonomic position of this bacterial strain.
In recent years, many novel species and subspecies of the genus Lactobacillus have been isolated from different fermented substances, such as fermented cocoa beans (De Bruyne et al., 2009) , fermented cane molasses (Kitahara et al., 2010) and fermented rice grain (Tohno et al., 2013) . In the present study, strain S215
T was isolated following the procedure proposed by Chen et al. (2010b) , using de Man, Rogosa and Sharpe agar (MRS; Difco Lactobacilli MRS Broth) at 37 uC for 48 h. In addition, the reference strains, Lactobacillus farciminis BCRC 14043 T (Reuter, 1983) , Lactobacillus futsaii BCRC 80278 T (Chao et al., 2012) and Lactobacillus crustorum JCM 15951 T (Scheirlinck et al., 2007) , isolated from sausage, fermented mustard (fu-tsai and suan-tsai) and Belgian wheat sourdoughs, respectively, were obtained from the Bioresource Collection and Research Center (BCRC; Hsinchu, Taiwan) and the Japan Collection of Microorganisms (JCM; Ibaraki Prefecture, Japan).
Strain S215
T is a Gram-reaction-positive and catalasenegative bacillus. Tests for phenotypic characteristics, such as isomers of lactic acid produced, lactic acid fermentation type, salt tolerance and growth temperature range, were carried out based on previously described procedures (Chen et al., 2006 (Chen et al., , 2010b (Chen et al., and 2013 . Tests for acid production from carbohydrates were performed using the API50 CHL fermentation kit (bioMérieux) according to the manufacturer's instructions. The production of D-and L-lactic acid isomers from glucose by type strains in MRS broth was determined with a D-L-lactic acid enzyme test kit (Roche) according to the manufacturer's protocol. In addition, the enzymic activities of strain S215
T and the reference strains of species of the genus Lactobacillus were assayed using the API ZYM system (bioMérieux). The tests were performed according to the manufacturer's instructions. After incubation at 37 u C for 4 h, the reaction was terminated by the addition of one drop each of A and B API ZYM reagents and the results were examined. The presence of D-meso-diaminopimelic acid in the cell-wall peptidoglycan was investigated by the method of Marconi et al. (2000) .
Amplification and sequencing of the 16S rRNA gene were carried out as described by Chen et al. (2006) . Amplification and sequencing of the housekeeping genes rpoA and pheS were performed using primers rpoA-21-F (59-AT-GATYGARTTTGAAAAACC-39), rpoA-23-R (59-ACHGT-RTTRATDCCDGCRCG-39), pheS-21-F (59-CAYCCNGC-HCGYGAYATGC-39) and pheS-22-R (59-CCWARVCCR-AARGCAAARCC-39), which have been designed and reported previously by Naser et al. (2005) . PCR was carried out using a Genomics Taq gene amplification PCR kit (Genomics) and a Gene Amp PCR System 2720 (PerkinElmer) following the methods described by Chen et al. (2006) and Chao et al. (2012) . DNA sequencing was performed using an ABI 3730 DNA Analyser (Applied Biosystems). Sequences were assessed for similarity by comparing the sequences obtained with those in the DNA Data Bank of Japan (DDBJ; http://www.ddbj.nig.ac.jp/) using BLAST.
All sequences were aligned using the CLUSTAL W software (Thompson et al., 1997) . Distances were calculated according to Kimura's two-parameter model (Kimura, 1980) . Then, phylogenetic trees were reconstructed using the neighbour-joining method (Saitou & Nei, 1987) , with bootstrap analysis based on 1000 resamplings. The MEGA 5 package (Tamura et al., 2011) was used for all analyses.
Genomic DNA was extracted from cells grown in MRS broth for 24 h at 37 u C and purified using the Qiagen Blood and Cell Culture DNA kit. The DNA G+C content was determined using reversed-phase HPLC, as previously described (Tamaoka & Komagata, 1984; Wang et al., 2007) . DNA-DNA relatedness values were determined using the fluorometric hybridization method in microdilution wells, as previously described (Ezaki et al., 1989; Goris et al., 1998; Wang et al., 2007) .
Extraction of fatty acids and determination of the cellular fatty acid profile were performed by using the Sherlock Microbial Identification System (version 6.0), according to the instructions of the Microbial Identification System (MIDI).
Repetitive sequence-based (rep)-PCR fingerprint profile analysis was performed by using primers REP1R-I (59-IIIICGICGICATCIGGC-39) and REP2-I(59-IIICGNCGNC-ATCNGGC-39) described by Švec et al. (2005) . PCR amplification was performed under the conditions described by Versalovic et al. (1994) . Fig. 3 .
The topology was also analysed using the maximumlikelihood (Felsenstein, 1981) and maximum-parsimony methods (Fitch, 1971 (Fitch, , 1977 . Bootstrap analysis was made with 1000 replicates. Similar results were obtained to those obtained using the neighbour-joining method (Figs 1-3 and Figs. S1-S6 available with the online Supplementary Material).
The DNA G+C content of strain S215 T was 36.2 mol%, which was different to those of the three reference species of the genus Lactobacillus (36.3-38.3 mol%) (Chao et al., 2012) (Table 1) . DNA-DNA hybridization experiments were performed using DNA derived from strain S215 T , L. farciminis BCRC 14043
T (Reuter, 1983) , L. futsaii BCRC 80278 T (Chao et al., 2012) (Fig. S7) . These values are well below the threshold of 70 % suggested for species delineation (Stackebrandt & Goebel, 1994) , indicating that strain S215
T represents a separate species.
In addition to phylogenetic analyses, a number of phenotypic tests were performed. Strain S215 T showed homo lactic acid fermentation, production of L-lactic acid and growth in medium containing 12 % (w/v) NaCl. The tolerance to 12 % NaCl clearly differentiated strain S215 Extraction and determination of cellular fatty acids were performed using the Sherlock Microbial Identification System (version 6.0), according to the instructions of the Lactobacillus formosensis sp. nov.
Microbial Identification System (MIDI). The cellular fatty acids of strain S215 T and related type strains are listed in Table 2 . The major fatty acids were C 18 : 1 v9c (41.51 %), C 16 : 0 (23.41 %), C 19 : 0 cyclov10c/C 19 : 1 v6c (22.83 %), C 18 : 1 v7c (5.15 %) and C 18 : 0 (2.26 %).
In addition to the characteristics described by Farrow et al. (1984) , the following features were found. In the API ZYM strip, esterase (C4), leucine aminopeptidase, valine aminopeptidase, cysteine aminopeptidase, acid phosphatase, phosphohydrolase, b-galactosidase, b-glucuronidase, a-glucosidase, b-glucosidase and glucosaminidase were positive, while alkaline phosphatase, esterase lipase (C8), trypsin, a-chymotrypsin and a-galactosidase were negative.
Various phenotypic and chemotaxonomic characteristics of the novel strain differed from those of L. farciminis (Reuter, 1983) , L. futsaii (Chao et al., 2012) and L. crustorum (Scheirlinck et al., 2007) , which are the most closely related species phylogenetically (Tables 1 and 2 ). According to the data obtained, strain S215 T is genetically distinguishable from recognized species and thus represents a novel species, for which the name Lactobacillus formosensis sp. nov. is proposed.
Description of Lactobacillus formosensis sp. nov.
Lactobacillus formosensis [for.mos.en9sis. N.L. masc. adj. formosensis of or pertaining to Formosa (Taiwan)].
Cells are Gram-reaction-positive, catalase-negative, rodshaped, facultatively anaerobic and grow well anaerobically on MRS agar at 37 u C. Utilizes D-glucose homofermentatively, does not produce gas from glucose and produces Dlactic acid from glucose. Grows at temperatures between 25 u C and 45 u C, but not at 10 u C and grows in 12 % NaCl and at pH 4. 
